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SIMPLIFIED ANALYSIS OF SHIELDING REQUIREMENTS 

M . S. Livingston 

January 19, 1968 

1. Basic Conditions: 

a) Radioactivity build-up in hot spots will be limited to 

allow practical personnel access times. Exposure times will 

he controlled to limit individual doses to below the MPD. 

Beam current will be restricted as required to limit beam 

spill power, until low spill factors are achieved, when beam 

current can be increased. 

b) Radiation intensity during operations is proportional 

to spill power. Beam spills are treated as point sources, 

using spill power at each point. Observed intensities out- 

side shield at AGS are used to obtain an "equivalent unit 

sourceV per kw spill power and at a nominal 1 ft. distance 

from source. 

c) Attenuation factors due to shielding and distance are 

calculated for the several sizes of enclosures at ITAL, for 

earth fill and mill-scale fill, as a function of thickness 

of fill in ft. 

d) Radiation intensity in rem/hr is calculated as a func- 

tion of fill thickness for the maximum estimated spill powers 

in NAL enclosures, using appropriate attenuation factors. 

e) Allowable intensities outside shields are based on the 

MPD and probable occupancy times at the several spill sites 
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near or far from occupied areas. These are used to determine 

shield thickness for the several enclosures. 

f) Recommendations are made for shield thickness for 

components of ring enclosure. Since these are hased on 

maximum spill powers and acceptable outside intensities, 

thicknesses are taken directly from the plot in d) above. 

g) Calculation of resulting intensities for special cases: 

1) accidental full-power spill of beam in main ring, 

2) high-rise laboratory building, 

3) equipment gallery above booster ring, 

4) conditions for 400 GeV operation. 

2. Maximum Power Limitation in Spills: 

In an earlier study (Control of Radiation, M. S. Living- 

ston, 12/T/67) the induced radioactivity levels expected 

1 hr after shut-off are given for various spill powers, 

based on observed Raa intensities at the AGS. With a 10 kw 

spill (2% of design beam power) the ambient Hna will be 

25 rem/hr, with much higher values near hot components. 

'This is 5 times the maximum allowed for unshielded personnel 

access with practical exposure times, and will require use of 

shielded vehicles. So 10 kw is taken as the maximum allow- 

able spill power in hot areas. At the booster ejection region 

a maximum of 5 kw (20% spill) is taken. In the quiet sectors 

of the main ring, where spills will occur only by accident or 

mistuning, the maximum spill power is taken as 1 (0.2% 

spill). 
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3. Equivalent Source Intensity: 

Radiation intensity outside the shield at the 4GS during 

operation at 4 x loll p/see, 30 GeV, 90% on target (1.9 kw) 

was observed to be 1.0 rem/hr; the unit intensity was 0.52 

rem/hr/kw. l'he shield consisted of 1 ft concrete 

(d = 2.5 g/cm31 and 10 ft sand (d = 1.8 g/cm3), or a total 

of 638 g/m?, with a ceiling height 12 ft above the beam. 

The equivalent unit point source at 1 ft from the target is 

I" = po~2 .x/x = o.~* x (23)2 x .G38/130 = 3.70 x lo4 rem/hr/kw 

@ 1 ft. 

Tne attenuation coefficient, X = 130 ~/crn~, is that observed 

at CERN for nucleonic showers with good geometry (point 

source). Additional shielding around the AGS source due to 

magnet iron or local shielding is neglected; to be equivalent 

at PJRL, such local shielding should equal or exceed that at 

the AGS. 
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( +. Ship? r'in~ R3ctors T-o:- ?ncl OSW-CS r.t. 1X1; .c.~~fun~t~.m~ of thickmse t (ft): 

US&F = L+ e--1< /!A . R q tot,?.! cli&w,ce rxhsirle shidrl; x0 = concret,e roof 

t 

shield’ng in fi,/c;?; x = sili~r?.cli.n[: E'I1~!~ tlli~c!:iless!?.?l F: / .-z. x = 130 ,/cm?. CAL , 

Dey,si.+,:f 07 ei,y~~,: ft.1 I ~,CL-CIYI cs d = X.8 g/en = 13.2 3~b/ft't3. 

Izlc:~l,ti.nn: %lCl~. rcof: Dkt: S!ii~:!d: Pie. 3. 
height : th5.d: R: 

(If-t) (rc) (",sc;?y : 
Cm?ve: 

(ft) 
I.'h.:~,l xi;-, 1: 

m?v scxt>ors : ,G. 5 I 6+-t 76 $ 55 t B 

st.s-ctims: 6 1~ 7' t t 76 f 55 t B 
( bc7.: I scr?yers ) 
F:jcct. st2i+t 3.7 2 19 + t !~i;:! + 55 t. C 

Boositcr: (W.i?t~l~ 6 1 7tt 76 + 55 t B 

(:: 5i!1. sdej: 6 1. 7tt 76 + 1.x t D 
(cl = 4..2 g/cd) 

5. Intensity Outsic~c Shinl-1s; es function of spil! y'er cd thickness: 

Use: I = I, PF. I, = 3.70 x Id rer;/hr/ln.r IZ 1~ ft. Use P = 1.0, 5, I. hr. 

Use shi-?clinz~ fwtn!?s F p?~otted in Fis. 1~. Results ~lre dotted in Fig. 2. 

L.oc:.tion: Pew e I- 
(lw1 

P: 

I,Lhj.y. Y. i>.lg : 

I~t~.~.Sec”ors: c?r: 1.0 

ne 7.2‘ : 1~ . 0 
S~~,sr;c-‘i,ys: 1~0.0 
(be-n sc‘.:~irx”s) 
E:ject.str~-i&t: lC.0 

ro,st,c?x-: (e-.rt!l) 5.0 

(:.lLlrl sc9e): 5.0 

Coo! : (eT.rt,ll) : 1.0 

(xi>1 svle): 1 0 

Fi?. 2 
Curve : 

Fit 1 C-n--e :i 0. , j C 
Fig. i, cove A c 
Fi.5. l., Cnr-e B a 

Fio. 1, Curve C d 

Fig. 1, cw."* 5 b 

Fig. 1, Cwve D e 

Fig. 1~. c?u-T2 E c 

Fig. 3., C~mvr: 9 f 
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6. ~lecor~mcn~~~~lio,ls: ?'he 7J,~prr‘:,,e j.nters; tics o,-::.s;.r1, i!hC s:l?.e!ds 

differ, dene\:s<ng or, dis'G~:.i?cc fro? OCCUpj r,S. :iTl’lS. Three int WfLt~i 

I we! s 2re cllose!l: 1 ) 25 rrcm/17r a;:ove shl&! f?r frm cmxqixl 1x:'.6, 

2) 1c ri~&rY I!iov2 shi.dd ne1.r (cm!- 100 :t) cJ~~!~~l~j.Cd ?Xt?-i,S, md 
51~3% o+::icle the s;ii+!d 

3) 2.5 P-o~~L/!r’~’ I , c . t~~~,,~~uj.i~~~“i~-~, g;~7.1]~er;; ,y.bove tile booster-). Tilese lj.ri’:s 

R?‘e i:::’ ic-,t,e~J 07 t,:1!? nJ>;)To”r i-.j;c ci];rves of PQ. 2, 

z.nd rJ&omine th- -t'Xclmcrs refl.tirc$. 21 e-.cll c?.se. These results tare 

s~~pcri:;nd :;y the recnlrr-e:?~.i:.i;iols ‘)e? CX: 

I.oc.~.tion: outsi<-:e ITLen: F'iz.2 
(~lW&?! Curire: 

I~h.in niw, f2.y: 

ne3-: 

st.sec-ts, fir: 

St.sects,ze?:r: 

E~‘3ct.sect,ne.xe: 

Eoos:,er, hot, a-e.-.c: 

cod ?rc?.s: 

Boostfr, (rni!~! sc:Qcj : 
hot nr c^ s : 

COCJ :rs’~.s: 

25. c 

1.0. c 

25. 2 

10. 2. 

10. d 

2.5 b 

2.5 c 

2.5 e 

2.5 f 

s:-/'c! d "k.c~ nees: 
(ft) 

1s. 

20. 

22. 

235. 

20. 

25. 

22. 

12. 

10.5 
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7. j.I13,1gsj.s of Sp~,cin!~ C:itu?-Lion s: 

a) Accize:d,,?!~ s-:$1 1 of he7.n P.'i, 3 sin@e pixt in the win rim: 

Assume the fdl. bm!o (5 x l-O-- '3 p/&se) at. zco GZV encl-r~ is spl?~!~d. 

yne s~ijui~:~.l ~-t, smmx intensity I~_ -4 fti:ull po:trex$ ($0 1~) 53 i,iill = 1.77 ): IO7 

re!n/lx c 1 ft. l&ni:ia s!?ial d thj~clmw5s (Fig. 2) is 1~3 it of ex-th *VeT 

the px?,in rj.,y-, for whj.ch the shie!.clln& fxctor F = 5.0 x !~Ov7 (Fig. !~,A). 
. 

~Et,ensj.-ty G-&sic:% phiel~d., I = I,, F = g.8 T~Q%T = 2./,5 x 10 -3 le:.:/SW. 

'&c dose fro:n a sinp;~.c p~?~se (Lk set cyclk) is D = 4 I = 1.0 x l-C2 rea 

,This is 0.3 $ of %he ;.n'D for 3 p.oni;hs Or ~qlLtv~d?nt to L> h_rs e:KQsure 

c.t 3. iGC for r:di-;tS.on l,:ori:crS. 1: 5.:: llot e. . . sicgiflc-.nc h?xr d. 

b) In+,pl~sj~+,y ‘7.t !liciiwl*ice of:j.cr: and ]~~'~o~:t~~ry buil rl'i~>o;: This b~i?~di~1~ 

is located 250 ft from t,be r1sj.n rjhg or 3CO ft S] ?nt dir.tS.nCe, O;I1330Si<>e ?I 
11 = 

l!ne~rl~ region ~ffiere mmi::.ml j.nt,ersity oi&si? e the shidcl vi!!, Se'l.0 Ii?t?X/lz_r. 

21, 2 fitterdu-tj.o~~ due to dis';znce fro? sovrce is I2 = (3CO) I1 = 6.1, X;!.O-' ?S'2hr. 

This j.s 255 of the i.Zm for nnnr~.di?.ti~cXl 7.:orliers or" -ill=! reneml public. a 

Add,jtinnca.?, !~cn!~ shj.e].dj:ny z-m~:d hot s:mts is nez:!~ec'ec'. S'iys!?ine is ?ASO 

neglected bu-t wills not chnn,~e 12 eno~y$~ to be ?. hazard. 

c) E:qui~xen-t, Ql!.!."i-J n'?ove tile booster: !~h.Ar:w e!.l.o~w-ll>? c spI.? 1~ at the 

booster wil!, procluce j.nt,cnsitics il: the q.l!er:~ of 2.5 rmwn/hr, or 1~ X>D 

for rnd~:~tion wCkPI%. o,xi~ll~~?5xy tirce s WI! be Xi-Zted to a frxtion of 

L+,O hr/lv> so a.ccumul-ted does wil? be n fr:lction of !. I:i~D. 

d) L+Q@-GeV open-^.tio::: The desip a:rer-r~e hmm cuvent ct LCO GeV is t'ne 

s?ple 1s nt 200 GeV, so hesm yver is dm?,! ed. By the tine this is r.ciieved 

bean SP:iJ! frxtions sholl?ri he reduce;l r.t lcr.si to h?!~f by deve!~o?::e?:t. 

S 0 t!le s?.ve be::.n swil.1~ ?w~ers Wil? r.Qn' y r?nt' s:hj., ld!,ir!g ~vi!.!. be .?deqvzte. 
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